###### Summary box

What is already known about this subject?
=========================================

-   Patients with a history of hepatic encephalopathy (HE) and their caregivers have limited understanding of HE and its management.

What are the new findings?
==========================

-   The HE educational procedure form (HEEPF), an educational intervention tool designed and tested in this study, increased patients' awareness and minimised HE-related readmission rates over a follow-up period of 1 year.

How might impact on clinical practice in the foreseeable future?
================================================================

-   This study provides pilot data to design and perform a definitive study on the usefulness of HEEPF.

Introduction {#s1}
============

It has been estimated that the cumulative risk of recurrence after a first-ever episode of overt hepatic encephalopathy (HE) is nearly 40% over a period of 1 year.[@R1] A retrospective analysis has reported that the readmission rate for HE-related reasons within 1 year is around 40%.[@R2] The total healthcare cost for each HE hospitalisation has increased over the last decade, reaching \$37 500 per each HE-related admission.[@R3] Hence, preventing this complication of liver disease after discharge is challenging.[@R4] The American Association for the Study of Liver Diseases/European Association for the Study of the Liver (AASLD/EASL) Practice Guideline[@R4] has emphasised the importance of a multidisciplinary approach where patients, caregivers and practitioners should join to prevent/reduce the incidence of some precipitating factors of HE, such as infections, constipation or dehydration, and avoid subsequent hospitalisations.[@R4] The alliance of both patients and caregivers in the healthcare process has been proved to be effective in the reduction of hospital admissions in other diseases.[@R5]

In a recent study, we have observed that both patients and their caregivers have limited understanding of the disease/its management, and we have suggested that this may be the consequence of insufficient provision of information.[@R7] Therefore, providing structured information for the understanding of HE might be relevant to its prevention and management. Based on this hypothesis, the aims of this study were: (1) to test the awareness of HE in a group of patients who had had a previous episode of HE≥grade II; (2) to validate a short educational procedure for these patients; (3) to provide a preliminary assessment of the efficacy, if any, of an educational intervention to prevent HE-related hospitalisation (HE≥grade II) over time by a prospective randomised intervention study.

Patients and methods {#s2}
====================

Participants {#s2a}
------------

A total of 39 consecutive outpatients referred to the Internal Medicine/Regional Centre for Liver Diseases of the Department of Medicine of Padova University Hospital were enrolled. The aetiology of cirrhosis was established based on clinical, laboratory, radiological, and histological indices. Its severity was determined using the Child-Pugh[@R8] and Model for End-stage Liver Disease (MELD)[@R9] scores. All patients had had at least one previous episode of overt HE (≥grade II).[@R10]

Patients were excluded if they were under 18 years of age, had misused alcohol in the preceding 6 months, had a history of head injury, cardiovascular/cerebrovascular disease, neurological/psychiatric comorbidity, were taking psychoactive drugs or were unable/unwilling to comply with the study procedures. A total of 12 outpatients declared they had habitual caregivers who were relatives.

Experimental design and structured educational intervention {#s2b}
-----------------------------------------------------------

The study was planned to be completed in 2 years and had a prospective randomised intervention design. Over this period of time, we were able to enrol 39 outpatients with cirrhosis, who were randomly assigned to one of two groups (by random numbers generated from a computer): group A, undergoing the educational intervention (n=20), and group B, not undergoing the educational intervention and serving as controls (n=19).

Before starting the intervention, all participants underwent a neuropsychological and neurophysiological assessment (*vide infra*) and filled in the Questionnaire on the Awareness of Encephalopathy (QAE), which was designed by our research group in 2012 and is fully described elsewhere.[@R7]

The educational intervention was based on commenting three cartoons (HE educational procedure form (HEEPF)) including: (1) basic information on the pathophysiology of HE; (2) education on how to ensure/maintain regular bowel emptying; and (3) drugs used to treat HE with a simple explanation of their mechanism of action, pharmacological and commercial names ([figure 1](#F1){ref-type="fig"}). The educational intervention was planned to be completed in approximately 15 min. The intervention was designed with a view to inform/educate the patient on manoeuvres and decisions that can be made without the intervention of a doctor, thus changes in the dose of diuretics and introduction/tapering of psychoactive drugs were not covered.

![Hepatic encephalopathy educational procedure form.](bmjgast-2017-000161f01){#F1}

Within 1 hour of the educational intervention, patients completed a questionnaire designed to check if they were satisfied with the information received and if they had acquired novel information (Novel Information Questionnaire (NIQ)) ([table 1](#T1){ref-type="table"}).

###### 

Novel Information Questionnaire

  ------------------------------------------------------------------------------------------------------------------------------------------------- ---------------------------------------------------
  1\. Are you satisfied with the new information acquired on hepatic encephalopathy?                                                                Yes □
  No □                                                                                                                                              
  1.1. Please mark the correct statements on the causes of hepatic encephalopathy based on the information you have received                        The liver does not correctly clean venous blood □
  The brain does not receive cleaned arterial blood □                                                                                               
  The brain does not work properly □                                                                                                                
  2\. Are you satisfied with the information acquired on the procedures to prevent hepatic encephalopathy?                                          Yes □
  No □                                                                                                                                              
  2.1. Please mark the correct statements on the prevention and treatment of hepatic encephalopathy based on the information you have received      Two bowel movements per day are necessary □
  If less than two bowel movements per day are obtained, you should administer a lactulose enema and/or increase the dose of lactulose/lactitol □   
  If more than two bowel movements per day are obtained, you should consider reducing the dose of lactulose/lactitol □                              
  Non-absorbable antibiotics increase bowel movements □                                                                                             
  Non-absorbable antibiotics reduce the production of toxins in the gut □                                                                           
  Branched chain amino acids increase bowel movements □                                                                                             
  Branched chain amino acids improve nutrition □                                                                                                    
  ------------------------------------------------------------------------------------------------------------------------------------------------- ---------------------------------------------------

Both the HEEPF and the NIQ were designed for purposes of this specific study, and they are presented and described in [table 1](#T1){ref-type="table"} and [figure 1](#F1){ref-type="fig"}, respectively.

Baseline neuropsychiatric assessment {#s2c}
------------------------------------

At the moment of recruitment, all the patients underwent a clinical assessment, including full neurological examination and a clinical grading of the neuropsychiatric abnormalities, if any, according to the West Haven criteria.[@R10]

### Neuropsychological evaluation {#s2c1}

#### Paper and pencil psychometry {#s2c1a}

Psychometric performance was assessed, under standardised conditions, using Number Connection Tests A and B, the Digit Symbol subtest of the Wechsler Adult Intelligence Scale, and the Line Tracing and Serial Dotting tests.[@R11] Individual test results were scored in relation to age-adjusted and education-adjusted Italian norms.[@R12] Performance was classified as impaired if the rounded sum of the adjusted SD from the norms for the individual tests, known as the Psychometric Hepatic Encephalopathy Score (PHES), was ≤−4.[@R12]

#### Sternberg task {#s2c1b}

A computerised version of the Sternberg paradigm test was also administered.[@R13] Thirty-six consecutive pairs of numbers, with or without common digits, were presented on a computer screen, and subjects were asked to press 1 on the keyboard if there were common digits (ie, 5632 and 694) and press 3 if there were no common digits (ie, 41 and 75). Both accuracy (% correct responses) and reaction times (ms, adjusted for accuracy) were obtained. Finally, an overall age-adjusted and education-adjusted z score was obtained, with reference to local normative values.

### Neurophysiological evaluation {#s2c2}

Electroencephalograms (EEG) were recorded for 10 min, eyes closed, in a condition of relaxed wakefulness, using a 21-electrode EEG cap (ground: Fpz; reference: Oz; impedance \<5 kΩ). Each channel had its own analogue-to-digital converter; the resolution was 0.19 μV/bit (Brainquick 3200, Micromed, Mogliano Veneto, Italy). One continuous 80--100 s period of artefact-free EEG tracing was selected for spectral analysis; the following parameters were obtained: mean dominant frequency (MDF, expressed in Hz), which is an estimate of the background frequency of the EEG, and relative power of the spectral bands delta, theta, alpha and beta, expressed as percentages (%). EEGs were classified according to Amodio *et al.* [@R14]

On the day of study, patients were qualified as being neuropsychiatrically unimpaired (normal on clinical assessment, normal PHES and normal EEG) or as having covert HE (≤grade I on clinical assessment,[@R10] abnormal PHES and/or EEG) or overt HE (\>grade I on clinical assessment).[@R10]

Follow-up {#s2d}
---------

Patients were telephoned monthly for 12 months, and they were asked if they had had HE-related admissions. Information was verified, where possible, on clinical notes and hospital records.

Ethics {#s2e}
------

The study was approved by the Padova University Hospital Ethics Committee, and all participants provided written, informed consent. The study was conducted according to the Declaration of Helsinki (Hong Kong Amendment) and Good Clinical Practice (European) guidelines.

Statistical analysis {#s2f}
--------------------

Demographic, clinical and neuropsychiatric variables distributions were tested for normality using the Shapiro-Wilk's test. Differences between groups were performed by the Student's t-test/Mann-Whitney U test, as appropriate. Analysis of the effectiveness of the educational intervention was performed using the Fisher's exact test for proportions. Survival analysis was performed using both monovariate (Kaplan-Meier) and multivariate models (Cox's regression). Incidence was expressed as the number of events per year per 100 patients. The sum of the follow-up for each event to occur was computed. Then, the sum of the events and the sum of the observation time for the events to occur was computed. This value was normalised for 1 year and for 100 patients.

Results {#s3}
=======

Demographic and baseline assessment parameters are presented in [table 2](#T2){ref-type="table"}. There were no significant differences between groups A and B in any of the demographic, hepatic failure, neuropsychological and neurophysiological variables. Similarly, there were no significant differences between groups A and B in QAE results. In detail, 30 of the 39 patients (77%, 95% CI 62 to 87) were aware of previous HE, 16 in group A (80%, 95% CI 58 to 92) and 14 in group B (74%, 95% CI 51 to 88). However, only three patients in group A (15%, 95% CI 5 to 36) and two in group B (11%, 95% CI 3 to 31) were able to correctly identify the medication used to treat/prevent HE. Furthermore, only one patient in group A (5%, 95% CI 1 to 24) and two in group B (11%, 95% CI 3 to 31) had adequate understanding of the expected treatment effects.

###### 

Demographic, clinical, neuropsychological and EEG variables by group. No significant differences were observed between groups A and B in any of these variables

  -------------------------------------------------------
                                  Group A\    Group B\
                                  (n=20)      (n=19)
  ------------------------------- ----------- -----------
  Males (%)                       14 (70.0)   17 (89.4)

  Age (years)                     64.1±8.8    59.4±9.2

  Pugh's score                    7.1±1.3     7.1±2.0

  Child (%)                                   

   A                              35          39

   B                              65          50

   C                              0           11

  MELD score                      12.7±3.5    12.3±3.9

  Overt HE\* (%)                  15          15.8

  Aetiology (n (%))                           

   Alcohol                        9 (45)      5 (26)

   Viral                          8 (40)      6 (31)

   Mixed                          2 (10)      4 (21)

   Other                          1 (5)       4 (21)

  Neuropsychological indices                  

   MPZS                           −0.5±0.7    −0.6±1.1

   PHES-z                         −1.7±2.3    −2.6±4.1

   Abnormal PHES (n (%))          4 (21)†     6 (31.5)

   Sternberg reaction time (ms)   1713±307    1728±472

   Sternberg accuracy (%)         75±23       70±17

   Sternberg z-score              −1.9±1.4    −2.1±1.2

  Spectral EEG                                

   MDF (Hz)                       9±1         9±2

   Delta (%)                      8±5         11±12

   Theta (%)                      36±19       41±16

   Alfa (%)                       38±16       30±14

   Beta (%)                       18±9        17±10
  -------------------------------------------------------

\*Overt HE was graded according to the West Haven criteria (reference 10).

†PHES was not available for one patient.

EEG, electroencephalogram; HE, hepatic encephalopathy; MDF, mean dominant frequency; MELD, Model for End-stage Liver Disease; MPZS, mean psychometric z-score; PHES, Psychometric Hepatic Encephalopathy Score.

Twelve (60%, 95% CI 39 to 78) patients in group A declared they were satisfied with the HEEPF and 11 (55%, 95% CI 34 to 74) had actually acquired novel information on the pathophysiology of HE. Of the eight (40%, 95% CI 22 to 61) patients who declared that the intervention had not been useful to them, one (5%, 95% CI 1 to 24) already had adequate information at baseline, five (25%, 95% CI 11 to 47) had not actually acquired new knowledge on their condition, and 2 (10%, 95% CI 3 to 30) had acquired new knowledge on their condition despite declaring the opposite. Thus, in 13 (65%, 95% CI 43 to 82) patients the intervention provided novel information and 14 (70%, 95% CI 48 to 85) had adequate knowledge at the end of the educational procedure.

In relation to prevention/treatment of HE, 16 patients (80%, 95% CI 58 to 92) belonging to group A declared they had received novel information, and 4 (20%, 95% CI 8 to 42) declared they had not. Out of these four, one (5%, 95% CI 1 to 24) already had the information at baseline, and 3 (15%, 95% CI 5 to 36) had not actually acquired new information on prevention/treatment of HE, despite the HEEPF. Thus, the intervention was highly effective in increasing expertise on HE management, improving knowledge from 5% (95% CI 1 to 24) preintervention to 80% (95% CI 58 to 92; p\<0.001, Fisher's exact test) postintervention in group A.

During the 12-month follow-up period, patients in groups A and B suffered a total of 6 and 9 episodes of HE≥grade II requiring hospitalisation, respectively. The precipitating causes of HE were infection (n=2), dehydration (1), constipation (1) and unknown (2) in group A, and infection (3), constipation (2), and unknown (4) in group B.

The incidence of events was 20.8×100 patients × year versus 48.8×100 patients × year in groups A and B, respectively ([figure 2](#F2){ref-type="fig"}). These results allow us to estimate that about 80 subjects would have been required to reach 80% power.

![Cumulative proportion of HE-free patients over time by group (A=intervention; B=no intervention). The risk of HE-related hospitalisation in group A was HR=0.58 (95% CI 0.21 to 1.62; p=0.29). HE, hepatic encephalopathy.](bmjgast-2017-000161f02){#F2}

Older age, poor liver function and poor psychometric performance (abnormal PHES) were associated with increased risk of HE-related hospitalisation, while fast EEG activity was associated with reduced risk of HE-related hospitalisation ([table 3](#T3){ref-type="table"}).

###### 

Monovariate analysis showing the association between age, liver function (MELD), abnormal PHES and EEG mean frequency (MDF) with the risk of developing HE-related hospitalisation

  Variables       Beta±SE        p       HR (95% CI)
  --------------- -------------- ------- ---------------------
  Age             0.074±0.031    0.016   1.08 (1.01 to 1.14)
  MELD            0.141±0.066    0.034   1.15 (1.01 to 1.31)
  Abnormal PHES   1.035±0.544    0.057   2.81 (0.97 to 8.17)
  MDF (EEG)       −0.367±0.155   0.017   0.69 (0.51 to 0.93)

EEG, electroencephalogram; HE, hepatic encephalopathy; MDF, mean dominant frequency; MELD, Model for End-stage Liver Disease; PHES, Psychometric Hepatic Encephalopathy Score.

By using multivariate backward Cox's model to adjust for these variables, which reflect the severity of the patients' clinical condition and may have acted as confounders, the educational intervention was shown to reduce the risk of HE-related hospitalisation over the follow-up period (HR=0.14, 95% CI 0.02 to 0.77, p=0.02).

Discussion {#s4}
==========

A structured educational session (HEEPF) providing information on HE pathophysiology, prevention and medical treatment was designed, with a view to help preventing HE-related hospitalisations. The usefulness of such programme was immediately evaluated by means of NIQ, and over the subsequent 12 months by a monthly telephone interview, to check for the occurrence of HE-related hospitalisations.

After the intervention, 70% of patients had acquired new information about the pathophysiology of HE, and 80% of them had improved their knowledge about HE prevention/treatment. These findings highlight two issues: (1) the limited awareness of these patients about their condition, which is in line with a previous report[@R7] and (2) the need to strengthen the communication between patients and physicians, at least within the context of the Italian healthcare system. In other diseases, educational approaches have been shown to enhance patients' personal understanding, to improve long-term control of the disease, and also to improve evidence of the usefulness of pharmacological treatment.[@R15]

Importantly, when the results were corrected for the severity of the clinical condition, HEEPF was shown to reduce the risk of HE recurrence over time. This was despite the high absolute number of HE events over the follow-up period. Although well-informed patients in group A could have avoided precipitant factors such as constipation or dehydration, factors such as infection or bleeding are obviously more difficult to prevent/control. Nonetheless, the number of 'avoidable' precipitants in both groups was similar. The fact that the AASLD/EASL Practice Guideline on HE[@R4] strongly encourages definition and recording of HE precipitants may help with similar studies in future, by way of clearer and better information in this respect in notes/medical records.

In addition, the AASLD/EASL Practice Guideline[@R4] highlights the importance of the education of both patients and their relatives/caregivers. Caregivers have a crucial role in the healthcare process once the patient is discharged,[@R4] hence new tools are being designed to help them detect episodes of HE.[@R19] Similarly, the HEEPF could have been administered to both patients and their caregivers, or even only to caregivers. Indeed, one of the initial aims of the present study was to involve caregivers. However, very few patients were accompanied on the day of study, making enrolment impossible.

Altogether, the improved awareness/understanding of HE by use of a single, quick (15 min) educational intervention (HEEPF) constitutes preliminary evidence of its usefulness. The tool is cheap, user-friendly, and can be administered by trained nursing staff to improve patients' self-management (and possibly pharmacological treatment) so that HE-related readmission rates can be reduced. This has considerable consequences, as poor understanding of HE/its management among patients may also impinge on the likelihood of demonstrating the efficacy of treatments in future. In conclusion, the present study:confirms limited disease awareness in patients with a history of HEproposes a simple and short educational procedure (HEEPF) that is effective in increasing awareness, and most likely also in reducing readmission ratesprovides pilot data to design and perform a definitive study on the usefulness of HEEPF. Future research is also needed to characterise the features (ie, precipitants and others) of the HE with the highest likelihood of benefiting from the educational approach in terms of prevention.
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